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breeding plus high progesterone levels and the co-existence of small-sized (<3 cm) uterine 132 swellings. When uterine swellings were not noticed, but knowledge of coitus existed, 133 pregnancy estimated of less than 17 days was determined upon embryo collection by flushing 134 each uterine tube and uterine horns separately, as described by Tsutsui et al. [35] . 135
Pregnancies were further divided in two groups: Group 1 (PGr1; n= 5) corresponded to the 136 period previous to embryo attachment to the maternal endometrium and mainly corresponded 137 to pregnancies days 11 to 13, were morulae or young blastocysts were found in the oviducts 138 or in the uterus; group 2 (PGr2; n= 12) corresponded to pregnancy days 15 to 23. Between 139 pregnancy days 16 to 21, morphological changes in the endometrium are visible although 140 embryos are still non-adherent. After day 22 embryos attach and invasion begins. The 141 chronology of the pregnancy was confirmed according to the histological descriptions of 142 canine early pregnancy events [33, 36] and aligned to the day from pre-ovulatory surge [37] . 143
Briefly, by day 13 to 15 some changes in the superficial endometrium are observed, including 144 increased interstitial oedema and depth of the endometrial crypts. Around day 17 the embryo 145 is apposed to the endometrium; the trophoblast grows down and wedges the maternal surface 146 epithelium (SE). Only small lacunae are visible. By day 20, the trophoblast continues to spread 147 down, and the syncytial cells penetrate deeper in the endometrium appearing as strong, linear 148 cords, frequently presenting mitotic figures. After day 22, the crypts at implantation sites 149 elongate, and became tortuous and closely packed, with enlarged lacunae below. The deep 150 endometrial glands start to grow [33, 36] . 151 M A N U S C R I P T
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7 a streptavidin-biotin-peroxidase technique (UltraVision Detection System, Fremont, CA, USA) 156 with a monoclonal antibody to CD10 (clone 56C6, reference NCL-CD10-270; Novocastra®, 157
New Castle Upon Tyne, UK). Sections were routinely deparaffinized in xylene and hydrated 158 through graded alcohol and water. Antigen retrieval was performed in a steamer, with slides 159 immersed in boiling citrate buffer (pH 6.0; ca. 94ºC) for 2 minutes. After blocking the 160 endogenous peroxidases in 3% hydrogen peroxide/PBS for 30 minutes and non-specific 161 binding by incubation with Ultra V-Block® for 5 min, the slides were incubated overnight with 162 the primary antibody at a 1:50 dilution in PBS at 4ºC, in a humid chamber. Thereafter, 163 samples were incubated with a biotin conjugated secondary antibody and then incubated 164 using streptavidin-biotin system, for 10 minutes each, at room temperature. Reactions were 165 visualized using DAB (3,3'-diaminobenzidine) as chromogen. Sections were then 166 counterstained with Gill's haematoxylin, dehydrated and mounted. 167
Sections from canine ovaries were included as negative controls, since ovarian stroma is 168 negative for CD10/NEP. Additional negative controls were used, whereby endometrial 169 specimens were submitted to the same procedure, with the exception that the primary 170 antibody was omitted and replaced by PBS or by a normal mouse IgG (sc-2025; Santa Cruz 171 Biotechnology Inc., Europe, Heidelberg, Germany). In neither negative control was CD10-172 immunoreactivity observed. 173
174

Immunohistochemical scoring 175
Microscopic examination at low magnification (40x) was performed to examine the overall 176 pattern of immunoreaction against NEP/CD10 in the canine uterus. Thereafter, staining results 177 were evaluated at a higher magnification (200x and 400x) to define the intensity and the 178 pattern of the immunoreaction. Positivity was indicated by the presence of a distinct golden-179 brown cytoplasmic labelling. 180
Two independent observers performed a blind semi-quantitative assessment of the intensity of 181 staining, using a three-point score classification (weak, moderate and strong), operator-wise. 182
The repeatability of the results from both observers, in all the 3-point scales used for scoring,
was assessed in selected samples from anoestrus, oestrus and dioestrus; only cases 184 providing repeatable scores in immunostaining were used. 185
In cyclic endometrial samples, positive reaction was scored independently for each 186 endometrial component (Stroma -S, Surface Epithelium -SE and Glandular Epithelia -GE). 187
According to the pattern perceived under small magnification, the endometrial stroma in cyclic 188 samples was further evaluated individually for the deep basal layer (DbS; equivalent to the 189 stratum basalis of the human endometrium), the intermediate and superficial layers (equivalent 190 to the stratum functionalis of the human endometrium and thereafter named as upper stromal 191 layer -UpS) and a sub-surface, adluminal layer (SSL), located just beneath the endometrial 192 surface epithelium, which could correspond to the endometrial stratum compactum. 193
The same stromal regions were used to analyse NEP/CD10 immunoreaction in samples from 194 pre-attachment pregnancy (PGr1). In the samples from the attachment period (PGr2), despite the slight increase in the overall staining for these layers; the upper layer stroma 295
showed a marked increase in the intensity of the immunoreaction when compared to the one 296 observed in early dioestrus (P= 0.001; Fisher = 12.847). Nonetheless, the overall intensity of 297 immunostaining was considered different between these two stages (P= 0.032; Fisher = 298 6.647). 299 300 NEP/CD10 immunoreaction was also found in all the samples from canine pregnancy days 11 301 to 13 (PGr1; Table 1 and Graph 3) and 16 to 23 (PGr2; Table 2 and Graph 4). 302
In the pre-attachment period (PGr1), no morphological changes in the endometrium developed 303 in comparison to early dioestrus, despite the differences found in the overall NEP/CD10 304 immunolabelling (P= 0.002; Fisher = 11.415). There was a relative increase in the intensity of 305 immunoreaction against NEP/CD10 in the subsurface and upper stromal layers compared to 306 that of early dioestrus (respectively P= 0.004, Fisher = 8.282 and P= 0.031; Fisher = 7.166; 307 Graph 3), but not to that of full dioestrus. In contrast, non-significant differences in 308 immunostaining were observed in the deep basal stroma between groups. In contrast to the 309 observed throughout the canine oestrous cycle, a moderate to strong immunoreaction against 310 NEP/CD10 was observed in apical position in the epithelial cells of more than 75% of the 311 endometrial glands, although no cytoplasmic immunostaining was visible. 312
313
In samples from the attachment period (PGr2), in the implantation area, the intermediate peri-314 lacunar stroma was found to be more compact than the basal stroma (Graph 4), and displayed 315 a strong intensity of immunostaining when compared to equivalent endometrial layer in PGr1 316 (P= 0.09; Fisher = 8.055), thus giving to the overall pattern of the organ the appearance of a 317 ring or a barrier (Figure 3 .A to 3.D). In comparison to subsurface stromal layer pattern in PGr1, 318 no differences were found between pre-attachment and attachment periods, although the 319 decidual cells located closer to the foetal-maternal interface showed an increased intensity of 320 immunolabelling. Furthermore, the scores for decidual cells were significantly higher than the 321 recorded for stroma at the syncytium cords (P= 0.038; Fisher = 6.553) ( 
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